A function of bedding material in poultry houses is to absorb and release moisture. New bedding is commonly placed at inadequate depths in houses. Pine shavings are the industry standard for bedding material in the majority of the United States, but can be hard to obtain or costly. Alternative materials were tested for moisture absorption and retention. Peat moss and chopped wheat straw were found to absorb nearly 8× and 7× their own weight in moisture, respectively. Peat moss was then used in a broiler study and compared to fresh and used pine shavings for 6 weeks. Body weight was lower at d 7 for the used litter and peat moss treatment compared to fresh shavings with no differences at d 42. No differences in ammonia generation or litter pH were observed. Litter moisture was higher for peat moss through d 14. Paws were better in the fresh shaving and peat moss pens than used shaving pens at both d 21 and 42. Next, different depths of used and fresh shavings on footpad dermatitis (FPD) were examined. Trials 1 and 2 compared 2.5, 7.6, and 12.7 cm of fresh shavings or used litter, respectively. In Trial 1, 2.5 cm had higher litter moisture than 7.6 and 12.7 cm at d 21, 28, and 35 (P < 0.05). The 12.7 cm had better paw scores than 2.5 cm at d 21 and 35 (P < 0.05). In Trial 2, 12.7 cm had lower litter moisture than 2.5 cm at d 28, 35, and 42 (P < 0.05). The paws in 12.7 cm were better than those in 2.5 cm at d 35 and 42 (P < 0.05). There was little difference in paw quality and litter moisture between 7.6 and 12.7 cm litter depth in both trials. Peat moss may be an acceptable alternative bedding material and should be evaluated on a commercial scale in areas where it can be obtained economically. These findings suggest that broiler houses should have at least 7.6 cm of litter to control litter moisture levels and reduce FPD.
gain due to pain-induced decreases in feed intake [4, 5] .
The lesions are not only a problem from product losses and downgrades, but also from food safety and animal welfare standpoints. Footpad lesions can serve as a portal of entry for Staphylococcus aureus and other microorganisms [6, 7] ; however, the lesions are not associated with bacterial infections usually, but may become infected with bacteria found in the litter when lesions are severe. This may pose a potential problem for processing plants with cross contamination of carcasses. Animal welfare audits in Europe often use foot, hock, and breast burns/lesions as an indicator of housing conditions and the general welfare of the birds [8] . The occurrence of FPD is now used as an objective audit criterion in welfare assessments of poultry production systems in Europe and the United States [9] . With animal welfare receiving more important attention in the United States, paw quality is as important as ever.
The environment in which the birds live is an important contributing factor for the development of FPD. Bedding materials are often referred to as "litter," which is a combination of bedding and fecal material. Both terms, bedding material and litter, will be used interchangeably in this paper. Litter serves many important functions for poultry. The primary function of litter is to absorb moisture and dilute fecal material throughout the base, keeping the top layer of litter that comes into contact with the birds dry. It provides cushion and insulation for the birds from the cooler packed dirt or concrete floors and provides the opportunity for natural scratching behaviors. Bedding material type and litter moisture have been shown to be major predisposing factors in the development of FPD. Wet, sticky litter has been theorized to be the main factor resulting in ulceration of broiler feet [10, 5] . Similar to findings with broilers, turkeys raised on wet litter have higher rates of FPD than those raised on dry litter [4] . Drying out the litter and moving birds from wet litter to dry litter was observed to reverse the severity of FPD [3, 5] .
Litter materials vary by region in regard to cost and availability. The most commonly used litter material in the United States is pine shavings, while straw is commonly used in Europe. Other materials such as sawdust, peanut shells, rice hulls, and sand are used where it is economically feasible [11] . Lower FPD scores have been observed for pine shavings when compared to straw in broilers [12] [13] [14] and in turkeys [15] . Turkeys raised on fine particleboard had significantly lower incidence of leg abnormalities and FPD lesions than those raised on a larger particle size [16] . The ability of litter material to absorb moisture is important but perhaps not as important as the ability to release the moisture via evaporation. Bilgili et al. [17] observed better paw scores with ground door filler, which had a high absorption capability, and with mortar sand, when compared to various other common and alternative bedding materials. Bedding material particle size may be the most important factor in regard to choice of bedding material, as this affects the retention and dispersal of moisture. Previous research has examined alternative bedding materials for their absorptive capacity, but none has looked at the rate of moisture release from these materials.
Peat moss (PM) has several characteristics that make it a potentially suitable bedding material for poultry producers. It readily absorbs water and has a natural low pH of 4.5 to 6.4. The ability of PM to absorb and quickly release moisture allows for exceptional moisture control within broiler houses. The natural acidity of PM could be useful in the control of ammonia (NH 3 ) volatilization from litter by decreasing bacterial populations. Bacteria naturally found in the litter break down uric acid in the birds' feces, producing NH 3 as a by-product. Controlling moisture while decreasing NH 3 levels makes PM an attractive choice as an alternative bedding material. Previous work has been conducted on PM as a bedding material; in fact, research dates back to the 1950s when it was first tested with poultry and found to have exceptional absorptive capacity but with dust issues [18] . These results with broilers were later confirmed, and PM was found to be an acceptable bedding material when it is locally available and economical to use [19, 20] .
Litter depth, like the actual bedding material used, has a direct influence on litter moisture in broiler houses. Litter can be thought of as a sponge -the thicker the sponge the more moisture it can absorb before it starts to become saturated. The depth of litter is often overlooked, and few studies have focused solely on litter depth. The results obtained from these few studies have been contradictory. This could be due to a variety of factors, including, but not limited to, floor type, ventilation, and drinker management. Flocks reared on a thin layer (<5 cm) of litter have been reported to have a lower prevalence of FPD than those raised on deeper layers (>5 cm) [21] . A similar study in France reported that high-quality flocks were raised on thin layers of litter, and adding large amounts of litter may be a risk factor for FPD [22] . In contrast to these results, it has been reported that broilers raised on deeper litter had a lower occurrence of FPD than those raised on a thin layer [13] . An increase in final litter depth was found to have an overall lower hock burn score; with every centimeter increase, there was a corresponding decrease in hock burn score of 0.015 points [8] . Hock burns have been shown to be positively correlated with FPD (r = 0.76) [23] . Recent communication with industry representatives have indicated that paw quality is better on used litter than with fresh shavings. It is assumed that it is the material that is influencing the incidence of FPD, but it could be due to litter depth. Houses that have fresh shavings tend to have less litter depth than houses with used litter due to high costs of fresh shavings [24] . These contradicting results from previous research and a high demand for unblemished paws warrant further research in this field.
The objectives of this paper are three-fold. The first objective is to analyze several alternative bedding materials' saturation and drying rates. The second objective is to compare the highest performing alternative bedding material to fresh and used pine shavings with the incidence of FPD. The third objective is to evaluate the actual effect that litter depth has on paw quality when using both fresh and used shavings. By determining the effect that litter depth has on controlling FPD, we can make a recommendation to producers on how much litter to use in their houses to help control moisture and reduce FPD lesions.
MATERIALS AND METHODS

Alternative Bedding Materials (Study 1)
The following materials were examined: fresh shavings (FS), used shavings (US), PM, rice hulls (RH), peanut hulls (PH), gypsum with paper (GP), gypsum without paper (GYP), sawdust (SD), and chopped wheat straw (CS). Materials were evaluated for moisture absorption capacity along with the ability to release moisture using an established drying procedure with some edits [17, 25] . 
Drying
Peat moss comparison (Study 2)
Three-hundred Cobb 500 straight-run broilers were placed within 12 pens (1.9 m 2 ) at a bird density of (0.07 m 2 /bird). Based on the results from Study 1, PM was selected to be compared to fresh shavings and used litter, which served as "industry standards." There was a total of 3 treatments with 4 reps per treatment. Each pen had bedding material 10 cm deep. Birds were fed standard broiler diets, including a crumbled starter (zero to 21 d) and a pelleted grower (21 to 40 d). Birds had unrestricted access to food and water via a hanging tube feeder and nipple drinker. Birds were managed according to primary breeder guidelines. Bird and feed weights were recorded on d zero, 7, 21, and 42. Livability was recorded daily, and feed consumption was adjusted for mortality at the end of the study. Paws were scored on d 21 and 42, using a 3-point scale that ranges from 0 to 2, with score of 0 = no lesions, score of 1 = mild lesions, and score of 2 = severe lesions [26] . Paws were scored by the same researchers in all studies.
Litter was sampled weekly throughout the study for each pen starting at chick placement and analyzed for moisture. Litter pH was measured at the end of the study on d 42 [27] . Litter ammonia readings were taken on d 28, 35, and 42 [28] .
Fresh shavings litter depth effect on FPD (Study 3)
Three-hundred-seventy-two Cobb 500 straight-run broilers were placed within 12 pens (1.9 m 2 ) at a bird density of 0.06 m 2 /bird. There was a total of 3 treatments with 4 reps per treatment. Treatments included 2.5, 7.6, and 12.7 cm of fresh pine shavings. Diets and bird and room management, as well as data collection, followed the same procedures described in Study 2.
Used litter depth effect on FPD (Study 4)
Study 4 was similar to Study 3 with the following exceptions: Three-hundred-twelve Cobb 500 straight-run broilers were placed within 12 pens (1.9 m 2 ) at a bird density of 0.07 m 2 /bird. There was a total of 3 treatments with 4 reps per treatment. Treatments included 2.5, 7.6, and 12.7 cm of used litter. All procedures and animal protocols were preapproved by the Institutional Animal Care and Use Committee of the University of Georgia.
Statistical analysis
Performance and litter moisture data were analyzed using the General Linear Model (GLM) procedure of SAS. Paw scores percentage data were subjected to arc sin transformation and then analyzed via the GLM procedure. P-values ≤ 0.05 were considered significant, and means were separated out using the least squared (LS) means procedure of SAS [29] .
RESULTS AND DISCUSSION
Alternative Bedding Materials (Study 1)
The bedding materials examined included FS, US, PM, RH, PH, GP, GYP, SD, and chopped wheat straw (CS). Several bedding materials exhibited exceptional moisture absorption and releasing capabilities (Table 1) . Peat moss absorbed nearly 8 times its own weight in water (317.5%) and CS absorbed roughly 7 times its own weight (297.6%). This ability to absorb water is critical to moisture control and management in broiler houses. This characteristic of straw, along with availability and low cost, is probably the reason it is so commonly used in Europe. In this study, the straw was chopped into 2.5 cm pieces, as pieces larger than 2.5 cm tend to promote litter caking [11] . Peat moss is not commonly used in poultry production due to cost and availability of the volume needed for poultry houses, but is more commonly used in horticulture as a soil aerator and acidifier, and for moisture retention. The ability to remove moisture from the materials is just as important as to release absorption. The amount of moisture lost after 60 and 120 min was used to determine which bedding materials dried more easily. Rice hulls and PH showed the best ability for moisture removal with each losing 75.6 and 78.7% of their moisture, respectively, at 60 minutes. At 120 min, RH had 2.2%, CS had 28.6%, and PH had 1.3% of its moisture left. Particle size appears to influence moisture release. Smaller particle sizes have a greater surface-area-to-mass ratio than larger particles, aiding in the drying of the material. Used litter programs are commonly used in poultry production in which fresh shavings may be used only as a top dress or when houses are completely cleaned out. It is not uncommon for houses to reuse litter for multiple flocks, sometimes even years. Gypsum is not commonly used in poultry production but sometimes is used where there is a local supply and shavings are not readily available. Several studies have examined gypsum as an acceptable litter material [30] [31] [32] [33] . Results from this study indicate that GP and GYP may be acceptable bedding materials, as long as products containing paper particles are ≤ 2.5 cm to prevent excessive caking. Some of this material may contain fiberglass, although the material in the current study does not. Additional studies are needed to determine if the fiberglass component would affect poultry production or affect its ability to be land applied. Rice hulls and PH showed a good drying ability, but did not absorb nearly as much moisture as PM and CS. The ability of PM to readily absorb and release moisture makes it an acceptable alternative bedding material compared to FS.
Peat Moss Comparison (Study 2)
There were significant differences in body weights at d 7 with PM having lower body weights than fresh shavings but higher than used shavings. There were no differences in body weight among the treatments by d 21 (Table 2) . There were no differences in feed conversion or livability during the study (Table 2 ). There were no differences in NH 3 or pH at any sampling period (Table 3) . Litter moisture was significantly higher for the PM treatment on d zero, 7, and 14 (Table 3 ). This can be attributed to high initial moisture content in the PM. Upon delivery, the PM moisture content was in excess of 50%, and the material was placed in the rooms to dry prior to chick placement. The PM was spread out to increase the surface area, the ventilation was increased, and temperature was raised to 95 • F to promote drying. Paw scores of 0 and 1 were significantly better with the FS and PM compared to US at both d 21 and 42 ( Table 4 ). The reasons for this finding are unclear.
There were no differences in body weights at d 21 and d 42 in any treatment groups. The PM treatment had significantly higher litter moisture content until wk 3, when it dried out sufficiently. If PM is used in commercial operations in the future, it will have to be placed in the houses as soon as possible and preheated longer to dry the material out before bird arrival. While not a detriment in the current study, floors with high moisture have been associated with reduced chick performance in the first week [11] . While PM had numerically lower NH 3 production rates than any of the other treatments, it was not statistically significant (Table 3) . It should be noted that the NH 3 concentration was 50% lower than that observed in the US treatment and 85% lower than FS at d 42.
Current findings support previous research that PM is an acceptable bedding material. While PM resulted in better paw quality than US at d 21 and 42, it would be of interest to evaluate PM that had been used for multiple flocks. Dust was an issue with the PM treatment in this study, especially in the early wk when ventilation rates and bird water consumption were minimal. These findings agree with the observations of previous work in which dust levels were noticeably higher than shavings [12] . While no respiratory issues were noted in this study, the increased dust levels may pose a problem in commercial situations in which ventilation is marginal, especially in cold weather. It would be of interest to determine whether the dust levels subside with additional flocks as the material is used in built up litter systems. While there were no statistical differences in NH 3 depression, the acidic nature and low moisture content of PM later in the flock may be responsible for lower levels when compared to US and FS. This warrants further research into the use of PM as a natural litter amendment.
Fresh Shavings Litter Depth Effect on FPD (Study 3)
There were no treatment effects on performance or livability after initial placement (Table 5). Litter moisture was significantly different from d 21 through the end of the study with the 2.5 cm pens having higher litter moisture than both the 7.6 and 12.7 cm pens (Table 6 ). Paw scores were significantly better as litter depth increased at d 21 for scores of 0 and 1, with the 2.5 cm pens having significantly worse paw scores than the 12.7 cm pens (Table 6) . A higher percentage of the birds in the 2.5 cm pens had paw scores of 2 (indicating severe lesions) compared to the both the 7.6 and 12.7 cm treatments at d 35 (Table 6) . Paw scores at d 42 were not significantly different in any score category. The 7.6 and 12.7 cm paw scores were not significantly different from each other at any point. Although there was no significant difference in paw scores at 42 d, the trend of better paws with deeper litter continued. From this study, litter moisture levels higher than 30% appear to be detrimental to paw quality, especially when it reaches 40%. All treatments had litter moisture levels higher than 30% due to poor environmental management in the research facility during cold weather. This is believed to have resulted in poor moisture control in the bird room which may have have resulted in overall poor paw quality.
Used Litter Depth Effect on FPD (Study 4)
Study 4 was conducted in a different facility with better control over environmental conditions. Performance differences were seen at 14 and 21 d with the 2.5 cm pens having significantly heavier body weights than the 12.7 cm pens at 14 d and heavier than all other treatments at 21 d (Table 7 ). There were no differences in livability or feed conversion (Table 7) . No performance differences were seen by d 42. The reason behind these early differences in body weight is not clear. Environmental temperature was not a significant factor, as it was the same at all locations measured within the room.
Litter moisture was significantly different from 28 d through the end of the study with the 2.5 cm pens having significantly higher litter moisture than the 12.7 cm pens. The 7.6 cm pens were not different from 2.5 or 12.7 cm pens (Table 8) . Paw scores were significantly better as litter depth increased at 35 and 42 d for all score categories. The 12.7 cm pens had a significantly lower percentage of paws with scores of 1 and 2 than the 2.5 cm pens, but it was not different from the 7.6 cm pens. At 35 and 42 d, the 12.7 cm pens had a higher percentage of paws with a score of 0 than the 2.5 cm pens, but it was not different from the 7.6 cm pens. The difference in paw quality was apparent by 42 d when the 12.7 cm pens had roughly 92% of birds with lesion-free paws, while the 2.5 cm pens had only 55% of paws with no lesions. These results agree with what we previously saw in our fresh shavings litter depth trial. There is a significant improvement in paw quality if litter is deeper than 2.5 cm, but there is little difference between 7.6 and 12.7 cm, regardless of the litter type.
The effect of litter depth on paw quality was more pronounced in the second study. As mentioned earlier, environmental temperature was not uniform in the first study, which resulted in wetter litter. High litter moisture alone, especially before 2 wk of age, has been shown to cause FPD [5, [34] [35] [36] [37] and is widely considered 
